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FIGURE 16. Convex deltahedra are
formed from equilateral triangles ar-
ranged with differing types of vertex
arrangements: three, four, or five tri-
angles may be joined at a vertex.

at each corner. By generalizing this construction to other polygons, we
obtain the five regular polyhedra (Figure 1). The arrangements can be
further generalized to include the semiregular polyhedra (Figure 15), in
which more than one kind of regular polygon can be used, and the con-
vex deltahedra (Figure 16), all of whose faces are equilateral triangles
but whose vertex arrangements need not all be the same.17

The cover design for the biological journal Virology contains an icosa-
hedron. The story of the discovery of icosahedral symmetry in viruses
and the ongoing efforts of scientists to link that symmetry to their sub-
unit structures is very instructive.17 Viruses are tiny capsules that con-
tain an infective agent. The capsule is composed of protein subunits
that group together to form a closed shell. Watson and Crick realized,
in the course of early X-ray investigations into virus structure, that the
shells of many viruses had polyhedral or helical forms. Subsequent stud-
ies showed that the polyhedra were often icosahedra, and this suggested
many attractive models for the arrangement of the protein subunits. But
more recently these models have been found to be incorrect. The con-
nection between packing arrangements and overall symmetry in viruses
remains an unsolved problem. Problems such as these lead also to new
developments in mathematics: they force mathematicians to rethink
their definitions and to broaden the scope of their investigations.

Lattices

From earliest times the beautiful shapes that we call crystals have
been a source of wonder and admiration. Why do they have polyhe-
dral forms when most other natural structures do not? Quartz crystals
were the first to be studied; at first they were thought to be pieces of
permanently frozen ice. (It is instructive that our word "crystal" comes
from the Greek word Kpiata&loQ, which means ice.) By the seven-
teenth century, scientists began to suspect that the shapes of crystals
reflected an orderly, patterned, internal structure. Long before the de-
velopment of modern atomic theory it was suggested that crystals are
made of stacks of tiny spheres that represented the basic particles of the
structure, whatever those might be. Later the particles were represented
as tiny bricks (Figure 17). Sphere packings and bricks (not necessarily
rectangular) are still important models for crystal structure.